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METHODS OF PREPAR2KG SOLUBLE. OUGOMERIC FR01HNS 


rCAL FfFJ .n Off THR INW^mnM 

The present invesdon lebtes to a method of preparing soloble oligomeric 
piocdiis ustog leooxnbnuoit DNA tBchnolQgy. 


RArKOROf TND OF THK TNVRNTTmj 

10 The biological activi^ of protdns is dqiendent upon proper teitiaiy and 

quaternary stmcmrCt or oonfiannaiian. Many protdns exists as ofigontcrs ( st r ucun e s 
cotxipriscd of two or HKirepdypqttide chains) in their naim Such oUgomeis are 
often st a bil i z ed by tion-covalent interactions, and axe thns dependent on proper tertiary 
sttuctue of die individuai peptides. Expression of a lecombinantpfooan in bblo^caily 

15 active fomw exhibidng the proper tcrtiaxy and quaternary structure, by host cells which 
donotiKmnally express a native form of die protein, fineqnemly presents a ^gnificant 
challenge. Of particular interest in recombinant protein technology is expression of 
proteins that are menibrane*bound in the biologicaUy acdve form, as soluble jsoteins* 
Sofaible protems are usefiil as dietapeudc agents, and in odier applicadons reqniring 

20 large qnandtics of highly purified proteins. 

. Soluble fionacis of transmembrane proteiris have been prepared by deleting dM 
tEansmembiaiie and intiacytopiasnnc domains, and adding an a pprop r i ate signal peptide 
to enable secretion of the soluble form of die protein (Smidi et at, Scieace 238:1704, 
1987; Trriger et at, 7. tmmunoL 136:4099, 198^ Some soluble pmtdns have been 

25 expressed as fusion proteins b which the extracdlular dtunain of die meml»ane protein 
is joined to an immunoglobulin heavy chain constant region (Fanslow et aL, 7. 
ImmwioL 149:65, 1992; NoeUe et aL, Proc. NatL Acad. ScL USA. 89:6550, 1992), 
trwidi the extrsbcellular domain of die murine Tlyn^hocyte antigen CDi (HoUeiibaugh 
et aU EMBO J, 11:4313. 1992). However, such soluble proteins may not be 


forms of transmembiane proteins may be biologically acdve, but poorly expressed, or 
unstabk under the oondidons of expression or purificatkm, due to chan^ in stinctm 
as a result of deletion of ^ poitbn or pordons <tf the protein. 

Leucine zipper i$ a term tha is used to refer to a repeudve heptad motif 
35 contdning four to five leucine residues present as a conserved domain in several 
proteins. Leucine zippers fold as short, parallel coiled coils, and are believed to be 
responsible for oligoinerizadon of the proteins of which diey form a domain. 
Sequences derived fiom the fos andyun leucine zippers have been used in die fonxution 
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of bispedflc antibodies by caqncs^ of DNA encodbg the Vl and Vh xegioiis of 
antibodies as Itinon piotdns with the lendne zipper sequences: (Kostdny et aL,/. 
ImmurtoL 148:1547. 1992) Leucine zqiper sequences have also been used to rq)laoe 
the dixnerizadon domain of X repressor, a soluble DNA-binding protein of 
5 bacteriophage X (Hn tXdL^Science 250:1400, 1990K and in die pteparation of a 
dimeric fbnn of MalE, a tnalcose bin(fing protdn of £. coU diat is ex p orted into the 
periiaasnMc space (Bto n dd and B t d c ftate^ProuUiEtigineering 4:457, 1991). 

Theie is a need in the art to develop mediods of expicssing bicdogicaQy aoive; 
lecombtnant, oligomeric proteins, pantcidarly soluble proteins that are membratte^ 
10 bound in their Wolo^cally active conQgUFation. 


SUMMARY ntr THR TNVF.NTmM 

The present invention relates to a method of pr^aring a soluble, oligomeric 
manunaltan protein by culturing a host cell transformed or transfected with an 

m 

15 expiesrion vector encoding a fusion protein comprising a leucine zipper domain and a 
heterologous manmialian protein. In one embodiment^ the hetcrc^ogoos mammalian 
protein comprises an ex t racellular domain of a mammalian tiBnsmembiane protein; the 
resulting fusion protein jfoims an QUgonw. In another embodiment, die heterologous 
mammalian protein compiises a soluble protein such as a cytokine; the resulting fusion 

20 protein foncns an oligomer. In anodier embodiment, die leucine zipper domain is 
rmov^ from the fudon protdn, by deavagewidi a spedficpniteolyttcenxyn^ In 
another embodiment, a hetero-oiigomBric protdn is prepared by iitlizing leudne apper 
d«nains that pr e f eie n tially fiam heteto-oligomegs. 

25 BRIRF IIKSrRTPTION OP T HE DRAWINHS 

Figure lA illustrates die ability of soluble, oligomeric human CD40-L 
comprising a leucine zipper domain to stimulate die proliferation of human tonsillar B 
cells; Figure IB illustrates die abiliiy of sohibie, oligcmnic human CD40-L comprising 
a leudne zipper domdn ID stiinulaie die ppoBfoadon crfhuman p 
30 Figure 2 illustrates die inhibition of binding of CD27.Fc to MP.l cells, which 

ej^ness CD27-U by a soluble form of CD27-U sCD27L-3, diat compiises a leucine 
zipper domain. 

DETAILED DESrRTPTfON OF THE INVFNTTON 
35 The present invention relates to a method of preparing a soluble mammalian 

|)roiein by culturing a host cell transformed or transfected with in expression vector 
eiux)ding a fusion proKin comprising a leudne zipper domain and a heterologous 
mammalian protein. In one embodiment, the heterologous mammalian protera 
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ncciosis 


f actoi/iieive growth factor recqnor (TNFR/NGFR) hxsaly (Famth and StmAu Nature 
1992; Goodvrin et aU Ce« 73:447; 1993). wUch ttidttdes CD40 Ugan^ 
5 (CD40-LX CD27 Ugand (a>27-L)« OX40 Ugand (0X4()-L). and TN^ Strucmnl 
studies of cenain membeis of tius family of protdus indicate tliat they Com 
hoaotrimers. Tlie inventive iiKdiod wiQ also be tisefid 


of the heznatopoietin mcptar ^aafy (Costnan et ai^ Trends Biochenu Sd. 1S:265; 
19d0) aie exemplary of such proteins. Gearing ec aL {Science 255:1434, 1992) 
reported the doning of a gene encoding a protein (gplSO) that conferred hi^-affinity 
binding to both leiikemia-inhibitory foctor (UF) and Oncostatin Kf (OSM)' when 

15 expressed in oelk along iK^th a low-affini^UFiccqKor. Similar inzeracdonsol a low- 
afi&nty recqitor and a seomd subuntt protein, lesulting in a high-affinity rccepun-have 
also been proposed for other members of this family (Hayashida et ai., Proc, Nad, 
Acad. Scl. USA. 87:0655, 1990; iOtamura et aU Cett 66:1165. 1991; Tavmier et 
al.. CeU 66:1 175, 1991; Devos et aU EMBO J. mi33. 1991). Soluble fonns of the 

20 memben of die hetna^ipoietin receptor family mil exhibit higher affinity for their 
cognate Kgand when expressed as heterooliogmers, or ui some cases, as bomo- 
oligomers. The same will be true for other transmembrane proteins that comprise two 
or more snbnnits* 


25 soluble protdn such as a cytokine; the resulting fusion protein forms an oligomer. 
CytoUnes are soluble mecfiatcnrs released by cells during an inunune or inflammanny 
response, which provide andgenically non-q)ecific iiuraoellular signals that are crucial 
in regulating physuilogjcal processes. TNFo, INF ft and certain neurotrqMns such 
as nerve growdi factor (NGF) belong to the TNI7NGF family* Modeling smdies of 

30 certain members of tins family indicate that they are likely to form oligomers (Gob and 
Porter. Protein Eng. 4:385, 1991; Pcitsch and Jongeneel. Int. Immunol. 5^233. 1993). 
Furthermore, other cytoicines, including macrophage colony sdmuladng factor (M- 
CSF; Pandit et aL, Science 258: 1358.. 1992) are also known to be oligomeric. Such 
cytokines will also be useful in the invendve metliod. vrficiein a leucine zipper domua 

35 scainlizes the proper quaternary strucnire of the oUgometic cytokine. 

In atiotherembo£ment.hetcn>-oHgomericfiDrnisof^txddnes are prepared. A 
fusion protein of granuiocyte^macrophage colony sdmulating factor (GM*CSF) and 
Interleukin-3 (ILr3) has been diown to be a more potent proUferadon stimulus dian 



In another emboditnent. the heterologous mammalian protein comprises a 
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either factor alone or IL-3 and GM-CSF combined d^JS, Patents 5JOI73jGai and 
5,108,910). Fusion protdns compri^g GM-CSF and IL-3 and PNA sequences 
ding such fusion protdns are described in U^. Patents Sj073,6Z7 and 5,10S;910, 




1 



pTOtdn composed of GM-<:SF and 0^ may be Coxmed by the expression of diese 
qnokines as fusion piotdns comprising leudne zipper domains that piefeientially Unrn 


In anodier embodiment, die leucine zqipcr domain is removed fiom 
utoexanqileliyckayagevidiaspmftcpi^^ In addition to a 

10 Ieudae2q)per sequence and a heterotogous protein, scdifiigonproie TO 

an andno add sequence leoognized, and deaved, by a sdcctedptoteoiyticenz)an^ The 
leucine iippcx domain functions to stabilize die recomtrinant fusion pratdn during 
expression and secretion. After putificaiion of the secxmdpiotcin, the ktcinedppCT 
en^madcaUy removed by treating widi the proteolytic en^/me. The heterologous 
15 protein may then become monomeric Sudimoomncricfbnns of soluble protdns will 
be useful as receptor antagonists, for example, by binding to a cognate recepmr and 
preventing signaling by preventiiig cross-linking of the receptor. 


Lqidne zipper dCTTiains 

20 Leudne zippers were originally identified in seveial DNA^binding proieuis 

(LandscbubetaU Science 240:1759, 1988). Leucine i^sper domain is a term used to 
refer to a conserved peptide domain present in these (and other) protdns, which is 
lesponsiUe for dimerization of the proteins. The leudne zipper domain (also refenred 
to herdn as an oiigomerizing, cr oligotner-fomdng, dotnain) comprises a repetitive 

25 heptad repeat, with four or five leudne residues interspersed widi other amino acids. 
Examples t»f leucine zipper domains are those found in the yeast transcription fecuir 
G<ZN4 and a heat^stable DNA-blnding protein found in rat liver (QEBP; Landschulz et 
al.. Sdenee 243:1681, 1989). Two nuclear transfomung proteins, /cj andyiin, also 
exhiUt leudiie spper doiiiains, as does the gene product of the rnurinc protOHm^ 

30 c-myc (Landschulz et al.. Science 240:1759, 1988)/ The prodacts of the nuclear 
oncogenes fas and Jun comprise leucine spper domains preferentially form a 
hctcrodimcr (O'Shea ci aL, Science 245:646, 1989; Turner and Tjian. Science 
243:1689, 1989). The leudne zipper domain is necessary for biological activiqr (PNA 
binding) in these pro^s. 

35 The fusogenic proteins of several different viruses, induding paramyxovirus, 

conxiavtrus, measles vims and many retrovimses, also possess leudne zipper domains 
(Buckland and Wld, Nauure 338-.547,1989; Britton, Namre 353:394, 1991; Ddwart 
and Mosialos, AIDS Research end Human Retroviruses 6:703, 1990). The leudne 
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20 


25 


30 


35 


zipper doinafns in these fosogeafc vkai 

the inoiebis; it has been suggested that the leucine zii^ Amiains could ooniribute to 
the oligomeiicsmicture of the fusogeaic protons. Oligomerizfttsonoffiisogenicvind 
proidns is involved in fo^ poie fjoimation (Spruce ct al, Proc. Nad. AeatL Set. 
USA. 88:3523« 1991). Leucine z^per domains have also been xeceody itponcd to 
pl^ aroie in oligometization of heat*shock tiansciipticm factoid (RaUndxan et aL, 
5denGe2$9t230. 19!B). 

Leucine zipper dcanains fold as shott. pandlet coited coils* (O^hea ct aL, 
5cieRce 254:539; 1991) lliegenenlaicfabBctnieof diepaialidaritedocdihtt 
well diaiactBrizBd, with a "knobs-into-holes** packing as proposed by GHck in 1953 
(Acta Crystallogr. 6:689}. The dimer fanned a leucine npperdoi^ 
iQr the hq>tad repeat. designatBd (ohod^)^ aooonding to 

Stewart (J. MoL BloL 98:293; 1975). in which icsidues a and 4f aze genenUy 
hydrophobic residues^ with d bdng a leucine, which line up on the same fece of a 
helix. OppositdyHThaiged icsidues conrnmlyocsor at portions IP an^ TTms^ina 
pandtel coiled coU fonned from two hdical leucine zipper domains* die laiobs" formed 
by the hydrophobe side chams of die first helix axe packed into die "holes" foxxned 
between die side chains of die second helix. • 

The leucine residues at posidon d contribute laxge hydrophobic stabilizadon 
eneigies, and are important for dimer foimadon (Kiys^ et aU Inu /. PepMe Res. 
38:229, 1991).. Lovejoy et aL rcccndy xeponed the syndiesis of a triplc-strandcd 
a-helical bundle in which the helices tun up*up-down {Sdaice 259:1288, 1993). Thdr 
studies confinned diat hydrophobic snibilization eneigy provides die main driving ibrce 
for die forinadon of coiled coihfipcmi helical monomers. These smdies also indicate 
diat electrostatic interacdons contribute to die stoichiometiy and geometry of coiled 
coils. 

Several studies have indicated that conservative amino acids may be Substituted 
for udividual leucine le^dues witfi minimal decrease in die abifi 
changes, however, usually result in loss of diis ability (Landschulz ct al., Science 
243:1681, 1989; Turner and Tjian, Science 243:1689, 1989; Ha et aL, Science 
250:1400, 1990). van Heekerea et al. reported fliat a number of different amino 
residues can be substituted for die leucine residues in die leucine zipper domain of 
GCN4, and funher found diat some GCN4 proteins containing two ieucine 
substitutions were weakly active {Nud. Adds Res. 20:3721, 1992). Mutation of the 
first and second heptadic icudnes ci die leucine zipper domaui of die measles virus 
fiiAw pro^ (MVF) did not afffcct syncytium formation (a measure of virally-induced 
cell ftisioD); however, mutation of all four leucine residues prevented fosion conipletely 
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(Bttcklaiid et aL /. Getu Virol. 73:1703. 1^). None of the mutations affected Ute 
abfliqr <tf MVF CO fioim a tetramer. 

Rfioendy, aodiio acid sobstitntioas ia the a a^ 
iqiKsendng the aCN4 leuciae zipper domain have been found to change th& 

5 ofipmierizatioo prapeities of the leucine nppa domain (Albor, Sixdi Symposhnn (tf the 
lYoiein Sodetjr* San Diego, CA). When all ftsidoes at posidon a are changed to 
isoleudne, the ieudne zil^ sdll forms a paxallel dimer. When, in addition to diis 
change^ all leucine lesidues «i posidon d am aka changi^f ^ ^^g^hniring, ihff mwhrntt 
pqiddcqiontaneoudyfbmsamtnericpaxalletcoiledcoOinsoktion. Subsdmdng all 

10 acmno adds at pofidra dwidiisoleudne and ai posidon a widi^l^ 

pqitidediattetranieiizes. PqitidesoontaiiiingdiesesubstitudonsamsdDiefbic^ 
kucine zipper domsons since die lYiechanlsm of cdigomer formadon is bd 
same as that for tradidonal leucine a^yper domuns such as those described above. 
However, prior to the present invention, die effect of diese subsdmdohs upon longer 

15 peptides of which the teucine zipper is but a small domain was not known, nor' was it 
knovm if peptides comprising these sequences could be expressed and secteted by 
cells. 

m 

Bcnaration of Gene Fragmems and QKgontkiteoridgg 

20 01ig<Hiucleodde fragnmts of about 12 to about 20 nucieoddes may be prepared 

according to tnediods tliat are known in the art. for example, by using an automated 
DMA synthesizer. Several such fragments may be synthesized, which encode 
overlapping portions of a pqnidc, for example, a leucine zipjw dcunain. Due to die 
degeneracy of the genedc code, most amino acids are encoded by two or more different 

25 nodeotidettqylets. The selecdon of a triplet to encode a given amino acid will depend 
upon the organism in which the final gene product is to be expressed, among odier 
considerattoos. Overiapping fragmdits may dien be joined to fnm a DNA encoding a 
peptide of interest 

A poiymerm chain reaction (PGR) techmque (SaiU ec aL. Science 239:487, 
30 1988) may be employed to amplify gene fragments encoding all or a pordon of a 
protein of interest, using 5* (upstream) and 3' (downstream) oligonucleotide primers 
derived from the known DNA sequence of the gene, or a gene encoding a related 
proteiiu An exemplary set of PGR conditions includes: one cycle at 94^C for 2 
minutes, followed by 42''C for two m'mutes; 30 cycles at 72''C for 14 minutes, 
35 followed 1^ 94T for one minute, dien 48^C for 1 nnnuie; and one cycle at 72T for 
seven minotes, Restricnon enzyme sites can also be added to the DNA s^uences of 
intezest. in cvder to facilitate ligadon of die resulting PCR product widi a plasmid or 
vector, or with an addidonal DNA sequence or sequences. Amplified DNA sequences 
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may be joined substantially as described hy Yon and Bied (Ntt€ieic Adds Res. 
1734895; 1989X 

For example, as disclosed in Oi/097 JDl, filed July 23, 1993. the 

Asclosore of which is incoporated by xcfioence herein, M 
5 cloned using 5* (upstream) and 3* (downstream) oligonucleotide primers based on the 
pobltshed sequence of tat 0X40. IheiqistiiBampiimercoa^irisedareoogiritionsitefor 
the restriction etukmoclease Spe I upstream of a sequence encoding the first six (N- 
terminal) amino acids of rat OX40. The downsnram prinyr comprised ■ ^^ffcognttiffn 
site fig the lestricdon enrionnrteaae Ajpgl lysBem nf a gw|w#«r*i ^ wwUn g ^ fast fivr 

ID (C-cerminal) amino adcb of fuU4engdi 0X40. The PC3( produa was digested widi 
Sife L and an approximately 800 bp fajgment was isolat«| by gri fltration , and n sed in 
a second round of PQlrcacdon. The isolated fragment was Ugated into 5pe I cut 
plasmid, pBLUESCRIPT SK® (Stratagcne Ooning Systems, La JoUa, CA), which 
had been treated widi calf imesdne alkalme phosphatase (OAI^ lo prevent self-figadon. 

15 In another example* a DMA encoding only the extracellular region of a 

transmembtane protein can be obouied by deienng DNA encoding the intraceUular and 
transmembrane portions of the transmembrane protein. Methods to determine which 
vendues should be delenxl and for peifcHming the acmd ddcdons are 
art For example. Smith et al. describe a sohible form of the human CD4 antigen 

20 ' prqyared by deleting the ttansmenibrane and mtracellular portions of the CD4 antigen 
(Science 238:1704. 1987), Trcigcr ct aL prepared a soluble foim of an Intcrieukin-2 
receptor using similar roediods nsmg suiular metiiods (/. immmoL 136:4099. 198Q. 

A fiision proteb tiuty be foraied from an extracellular regidn and a protein (or 
portion thereoO that is known to be secreted. For example, soluble proteins 

25 comprising' an extracellular doinain from a membrane-bound protein and an 
immunoglobulin heavy chain constant region was described by Fanslow et al., i. 
ImmiMoL 149:65. 1992 and by Noeile et aL, Froc. Nad. Acad. Sd. USA. 89:6550, 

1992. The cxtracdlular domain of die nnuincTlytnphoc^te antigen CDS has also be 
utilized to form soluble fusion proteuis (Hoilenbau^ et aL, EMBOJ. 1 1:4313, 1992). 

30 

Preparation of Fusion Proteip!: 

Fusion proteins are polypqindes that oon^se two or more regions derived 
from different, cs heterologous, protems or peptides. Fusion protdns are prepared 
using conventional tccfaiuques of enzyme cutting and ligation of fragments from desired 
35 sequences. PGR techniques employing symhetic oligonucleotides may be used to 
prepare and/or amplify' die derired fragments. Overlapping synthetic oligonucleotides 
rq}resenting the desired sequences can also be used to prepare DNA constructs 
encoding fiision protdns. Fusion protdns can comprise several sequences, including a 
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30 


35 


leader (or signal pepdde) sequence, linker sequence, a leudne zipper sequence, or other 
oligomer-fomdng sequences, and sequences encocfing highly antigenic tmuedes that 
provide a means for fecjla parificatiwi or ntfaA dgwrtint^ ^ fti^j^wi p mri n 

Signal pepddes &cilitate seoetion of proteins fjom cells. An exenqilaiy signal 
peptide is the amino terminal 25 amino acids of the leader sequence of mnnne 



■ 

T«7 

|7 


also be employed ftmhennoic^ certain nucleotides in the leader sequence can be 
dteredwidmr altering the amino acUscqnenoe. Additionally, amino add changes diat 
do not afftct the abiligr of die ILr7 sequence to act as a leader sequence can be inadc: 

10 TheFbg<^octapeptide(SEQmNai;HoppctaUSib/r€c^^ 
1988) does not alter die Uological acdvhy of fusion proteins 
piovidcs an epttq>e leversibly bound by a ^lecific mcmoclonal antibody, enablingiapid 
detecdon and facile pmification of die expiessedfiisioninQtein. The Flag!® sequence is 
also spedftcally cleaved by bovine mucosal enteioldnase at die reddqe immediaidy 

IS. following die Asp-Lys pairing* Fusion proteins capped with this peptide may also be 
ftsistant to intracellular dcgradadon in £. colL A murine monoclonal antibody tfsat 
binds the Flag® sequence has been depoated with die ATCC under accession number 
HB 9259; methods of using the andbody in purificadon of fusion proteins comprinng 
die Flag® sequence arc described in U^S. Patem 5,011 J»I2, which is incmporaiBd by 

20 r efe i e n c e herein. 

A protein of interest may be linked diiecdy to ancKher protein to form a fusion 
protein; akematively, the proteins tnay be separated by a distance sufficient lo ensure 
that the proteins form proper secondary and tertiary structures. Suitable linker 
sequences (1) will adopt a flexible exttuided conformadon, (2) wiU not cxhibU a 
25 prapendty fiar developing an ocdeied secondary strucnnt which could interact widi the 
funcdonal domains of fusion proteinst.and (3) will have minimal hydrophobic or 
charged character which could imnnote interaction widi the foncdt^ 
Typical surfiace amino acids in flexible protein regions include Gly, Asn and Sen 
Yittnally any pcrniutadon of amino add sequences containing Gly» Asn and Ser would 
be expected to satisfy the above criteria fbr a linker sequence. Other near neutral amino 
adds, such as Thr and Ala, inay also be used in die linker sequence. Thelengdiof die 
linker sequence may vary widiont significandy affecting die biological activity of At 
fusion protdn. linker sequences are unnecessary where the proteins being fused have 
non-essential N* or Otetminal amino acid icgicuis which can be used to separate the 
functional domains and prevent stmc interference. Exemplary linker sequences are 
described in U.S. patents 5,073,627 and 5.108,910. die disclosures of which are 
[ated by reference herdn. 
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When an oUgonKdc fusicm protdn is foraied fnm 
ttansmcinbrane pnneui , a DMA sequence enoodiDg an ofigomcf'foniiing domain* soch 
as a latcine zipper domain, is fused to a DNA sequence enc^ 
Jcgion of the transmembtanc protein* The members of the fusion pioteitt are jcrined 
S such that die oUgomer-fiinning domain of die liision pcotein is located in die same 
orientatioQ relative to the fusion protein as the transmembrane and itttracytoplasmic 
vcigns of the nadve transmembiane pioteiiL An oUgomexic fnmn protein will be 
stabQized by die omied-coil intoacdon of leiidae 2q)per domain. Tlius, in one 
example, a fusion protein comimsing an exiraoeliular region derived finom a ligand lor 

1 0 CD40 (CD40*L), a ^ H tra n smemb r an e protdn described in UJiJSM. 07/969.703. 
the diselosnre of which is incorporated by reference herein, the oiigomeroforming 
domain, a leucine zipper sequence, is. fused to the amino-proximal end of the 
extTBceUuhrn^om In a fusion protein derived fom a type I transtriembrane protein, 
die digomer-forming domain would be fused to the carboxy^noximai end of the 

IS extcaceUular region of die type I tnuismeinbrane protein. OdiertransmemfanmeiHDieias 
traverse die cdi membrane more than once. Soch tratismembraneprotdns win have 
two or more different extracellular regions. Soluble, oligomeric fosion proteins may 
also be prepared from two or iTioxe of sudi different extraceUular regions firom^ 

20 Oligomeric fomns of proteins that occur tuiturally in soluble form may also be 

prepared. In such cases, die oligoiner-fbriningdoinain is joined to die soluble protdn 
^ sudi that foimation of an oligomer fdlows the conformation of the UologicaUy active, 
soluble proteiit Furthermore, either honMMligomerie prateins-or hetero-oKgomeric 
proidnscan beprqnired, depending iqxni the whedierdieoIigomerizingdomain(s) of 

2S die fudon protein preferendally form hetero-olo^ers or honiooUgomers. 

Exnresston Vectois 

Recombinant expression vectors for expression of a fusion proton comprising 
an oUgoroer-forming domain and a heterologous mammalian proton by recombinant 

30 DNA techniques include a DNA sequence comprising a synthedc or cDNA-derived 
DNA fragment encoding an otigomer-forming domain, linked in frame to a DNA 
firagment encoding die heterologous protein, lliese DNA fragments are operahly linked 
to suitable transcripdon and/or transladonal regulatory mtdeodde sequences, such as 
those derived from a mammalian, microbial, viral, or insect gene. Examples of 

35 regulatory sequences include sequences having a regulatory role in gene expression 
(eg., a transcripdon promoter or enhancer), an operator sequence to conorol 
transcription, a sequence encoding an mRNA ribosomal binding site, a 
polyadenylation site, splice donor and acceptor sites, and appropriate sequences which 
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conirol txBiisaription, translation initiatioa and tenninadon. In addition, scqnencxs 
encoding signal pqrtides can be inooxpoiaied into caqacssioo vecipis. For example, a 
Dl^ sequence for a signd pqMide (seoetiHy leader) may be open^ 
encoding a fiision pioiein compising an oligomer-fanmng domain and a heteiologouS 
5 manrmaKan protein. The signal pq^ide is expressed as apan of a precursor anriiio add 
sequence; die signal peptide enables inqpiwed eactxacellular secretioo of translated 
fiision pcdypepiide by-a yeast host cdL 

Nucleotide sequences axe opcrably linked when the legulatoiy sequence 
functionally relates to the DNA encodiiig the fusion protein* Thus, a prompter 
10 nodeodde sequence is operabty linked to a DNA encoding a fu&on protein if the 
prootocer niff^tide sequence oonuols the oansciipdon of die DNA encoding the fusion 
protein. StiUfoxther. a tibosmc binding slicing be opcrabl]( linked to a sequei^ 
a fusaon proidn if the ribosotne bimfog ate is positioned wid^ 
ttansladon. 

IS Transcription and translational control sequences for tnammalian host cell 

exinessionveaors may be excised finom viral genomes. Forexample, commonly used 
mammalian cell promoter sequences and enhancer sequences arc derived from Polyoma 
Vitus, Adenovirus 2, Simian Virus 40 (SV40), and human cytomegalovirus. DNA 
sequences derived from the SY40 viral genome, for example, the SV40 origin, early 
. 20 and late promoters, enhancer, spUce, and polyadeiiylation sites may be used to provide 
the odxergenedc elements required for expresdon of a sttttcniral gene sequence in a 
mammalian host cclL \^ra] cariy and late promoters are pardculady useful because both 
are easily obtained from a viral genome as a fragment which may also contain a viral 
origin of replicadoo (Fieis et aL, Mature 273:113. 1978). Smaller or larger SV40 

25 . fiagmeitts may also be used, provided the approximately 2S0 bp sequence extending 
from the Hind III site toward die Bgl I site located in the SY40 viral origin of 
tqdicadon ate is inchtded. 

Exemplary tnammalian expression vectCHs can be constructed as disclosed by 
Okayama and Berg WoL Cell. Biol Jt280. 1983). A useful high expression vector, 

30 PMLS V N l/N4« described by Cosman a aL, Nature ii2:76ft, 1984 has been deposited 
asATCC 39890. Additionai useful mamn^Iian expression vectors are described in EP- 
A4367S66, and in U^. Patent Application Serial No. 07/701,415, filed May 16, 
1991, incorporated by reference herein. For expression of a type 11 protein 
extracellular region, such as OX40-L. a heterologous signal sequence may be added, 

35 such as the signal sequence for interieuJdn-7 (IL*7) described in United States Piatent 
4,965,195, or the signal sequence for interieuldn-2 recqyior described in United States 
Patent Application 06^626,667 filed on July 2, 1984. Another exemplary vector is 
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pDC406, which iocludes regulatory sequences derived from SV40. htiinaii 
immtinQdeficiemy vim (HIV), ^nd Epflctn-Barr vnro (EBVX 

Expression vectors transfected into prokaiyodc host cells geoeialiy coaqnise 
o&e nnre pheimypic sdectabte inatkeis. A phenotypic selectable maijoer is, f<v 


5 cxan^lcageneenoodiiiga 


III* '•Hit 





1 





that ooafds antibiotic xesistaitce or that supplies an 
wAic reqniremeflt- and an origwi nf wy KrMtfififi *iPi"»yity^ Ky trmtc 

widdn the host OdicroseMcxpie&skin vectois for proicaryotic host cells 
indude a sdectable inailcer of bacterial origin derived from commercially available 
plasndds. This selectable inariar can ooiiqirisegenedc elements of the cloning v 
pBR322 (ATCC 37017). pBlU22 contains genes for ampicillui and tetracycline 
resistance and dms inovides simple means for idenrifying transformed cells. The 
pBR322 *liacU)otte** secdons are condnned widi an 

L DMA sequence. Odier commcinally vectors include, for example^ pKIC22S-3' 
(Pharmacia Fine Chemicals, Uppsala, Sweden) and pGEMl (Ptomega Btotec, 
Madison, WI, USA). 

IVomoccr sequences are commonly used for recombinant prokaiyotic host cell 
expression vectors. Common pmmoter sequences include p-lactaiiuise(penicillitiase), 
lactose pxomoter system (Chang ct aL. Nature 275:615, 1978; and Goeddei et aL, 
Nature 2«:544, 1979), tryptophan (tip) piomoier system (Goeddcl ct aL. NucL Adds 
Res. 8:4051, 1980; and EP-A-3677Q and lac pmnoter (Maniatis, Molecular Clomng: 
A Laboratory Manual, Cold Spring Hariior Laboratory, p. 412, 1982)« A particularly 
useful prokaryotic host cell expressiott system eniptoys a phage X piomoter and a 
cI8S7(sthetmolabile repressor sequence. FlasandveciDrs available from die American 
Type Qdoue Collection which incorporate derivatives of the X Pl promoter include 
plasmid pHUB2 (resident in £. coU strain JMB9 (ATCC 37092)) and pPLc28 (resident 
in£.coffRRl (ATOC53082)). 


30 


35 


iistsijOdis 

Suitable host cells for expression of a fusion protein comprising an oligomer- 
forming domain and a hecexologous mammalian protein include prokaiyotes and yeast 
or higher cokatyodc cells. Prokaryotes include gram negative or gram poritive 
organisms, for example, £. eoU or BaciUL Suitable prokaryotic host cells for 
transformation include, for example, E. coll. Bacillus subtilis. Salmonella 
typhlmuriunt, and various other species within the genera Pseudomonas, 
Streptomyces, and Staphylococcus. Higher eukaryotic celts inchide established ccU 
lines of mammalian or^n. Cell-free translation systetns could also be employed to 
produce a fusion protdn comprising an oligomer^forming domain and a heterologous 
mammalian protein uring an RNA derived from DMA constructs d^sdotfd herein. 
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In a pxokBiyotic host oclU such as 
tenmnal tnethionine VBsidiie ID CndUt^ 

the iiiokaiyotic iiost ccIL The N-tcmunal Met may be cleaved fi^ 
xtcoinfainam f usioa protdn. Pndcaiyodciuistodbinay beosedfivexpiessi^ 
fiiaon ptotdns Aat do not xcqimt extensive pioceolytic or disulfide processing. 

Appropriate donang and expitssi<m vectors for use widi bacterial, fungal« 
yeasc and tnammalian cellular hosts are described, for examine. In Poawels et al. 
Cloning Vectors: A Laboratory Mamud, Qsevier, New York. (1985). Anea^ression 
vector caxiying the leooinbinam fttsion pmeitt 

su b s t ji nttal ly hotno g c ncons cqtaae of a suitable irilcffHwganfsni qri?Mi*pn fflti a n cdl 
line accoiding to tneihods that azc known in die art» to fonn tr^^ 
host ceUs diat exinoss the fusion ptotdn. Bcpiessed fudqn pmiein wiO be located 
widdn die host ceU and/or seoeted into cuhnrc supernatant fluid, depending upon the 
natmeof the host cell and the gene Gonstruatnscxted into the host cdL 

A. lotion 'pioiein ooiqnising oligomer-fiDrming domain and a heterologous 
mammalian protein may be expressed in yeast host cells* preferably from the 
Saccharcmyees genus (e.g., 5. eerevisuu), Odier genera of yeast, such as Pkhia or 
flKyveii0myces.>inay also be employed. Yeast vectois win crften contain an origin of 
replication sequence from a 2|i yeast plasmid. an autoncfflooasly replicadng sequence 
(ARS), a promoter region, sequences for polyadenylation, and sequences for 
transciipdon temdnadon. nefend>ly, yeast vectors indude an origin of replication 
sequence and sdectable marker. Suitable promoter sequences for yeast veaots inckidc 
Iffomoters for metaUoduonein, 3-phosphogiyoeFate Unase (Hitzanan et aL, 7. BioL 
Cheau 255:2073, 1980) or odicr glycolytic enzymes (Hess et al^ Adv. Enzyme 
Reg. 7:149, 1968; and Holland et aL, Biochem. i 7:4900, 1978), such as enolase, 
glyceraldehyde-3-phosphate dehydrogenase, hexoidnase, pyruvate decarboxylase, 
phosphofructokinase, glucose-6-phosphacB isomerase, 3'phosphoglycerate mutase, 
pyruvate kinase, triosephosphate isomerase, phosphoglncose isomerase, and 
glncddiuue. Other suitable vectors and promoters for use in yeast expression ate 
fimher described in Hitzieman, EPA-73,657. 

Yeast vecmrs can be asse m bled, for example, u»ng DNA sequences from 
pBR322 fca- sdecdon and replication in £. coU (Amp^ gene and origin of iq)licanoa). 
Odia yeast DNA sequences diat can be iododedin a yeast expression oonstzuct indude 
a glucose-iepresstble ADH2 promoter and a*factor secretion leader. The ADH2 
piomoter has been described by lUissell et aL (/. Biol. Ckenu 25Sil6IA^ 1982) and 
Bder et aL (fiaxwre 300:724. 1982). The yeast a-fsctor leader sequence directs 
seoetbn of heterologous polypeptides. The a-factor leader sequence Is often insened 
between die prompter sequence and the strucmral gene sequence. See. e.g.. Korjan et 
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aU Cell 50:933, 1982 and Bitter et aL, Proc. Atetf- Acai 5ci. MSA fi/:5330, 1984. 
Other leader sequences nntabte 

fiom yeast itosts axe known to those of sidll in tte art A leader sequence may be 
niodificd near its 3' end 10 contain one cK'inmxestnction sites. ThiswiU fiadlitaA 
5 .lusion<tf die leader sequeiioe ID tiiestntctiiral gene. 

Yeast tiansfoniiati<mpiotocdsaic known to those of skill Onesuch 
protocol is described by Hinnen et aU Acad ScL USA 75:1929. 1978. 
Rrexainple. one can select for IVp'*' txansfoiinams in a selective 
selective medium consists of Oj61% yeast nitrogen base, 03% c*v^w\^¥^ adds, 2% 

10 glooose. 10 |lgM adeiune and 20 ilg/knl uraciL Yeast host ceUs tiansfomed by 
veciois containing ADH2 promoter sequence may be grown far inducing expr e ssi on in 
a "^rich" medium. An example of a lidi medium is one con^sting of 1% yeast exoact, 
2% pepmne, and 1% ghioose supplemented widi 80 pg/iod ade^ 
Derepression of the ADH2 promoter occurs when glucose is exhausted from the 

15 mecfiuno. 

m 

Mammalian or insect host cell cidure systems could also be employed to 
express recombinant fusion pcotdn.' Examples of suitable mammalian host cell lines 
indtide the COS-7 fine of tnonkey kidnqr cells (ATCC (XL 1 65 1 ; Cluzman e t aU Cell 
2J:175, 1981), L cells. C127 cells, 3T3 ccUs (ATCC CRL 163), Chinese hamster 

20 ovary (CHO) cells, HcLa ccBs. BHK (ATCC CRL 10) cell Imes, and CV-l/EBNA 
cells (ATCC CRL 10478). The CV-l/EBNA ceU lute was derived by transfection of 
die CV-1 cell line with a gene encoding ^stein-Barr virus nudear antigen-1 (EBNA-1) 
and constimdvdy express EBNA-1 driven fnm human CMV inunediatc-caily 
enhancer/promoter. An EBNA-1 gene allows for qnsoncd replication of expression 

25 vecmrsdiaiconcdn die EBV origin of rq)licadon. 


Prptdn Purific^nf?" 

Purified soluble fusion pmteins are pie p ai e d by culnuing suitable hosc/vector 
systems to esqncss the lecomlunant soluble fusion prcKeins, which are dien purified 

30 from culture rriedia or cdl extracts, using standard methods of protdn purificadon that 
are optimiisd for each intfividuai soluble fusion protein. 

For example, supematants from systems wUdi secrete recombinant protein into 
culture media are clarified, and concentrated using a commerdally available protein 
oonoentradon filter, for exan^le^ an Amicon or Milliptnt PeDicon ultnifihradon unit 

35 -Following the concentration step« the conceiitrate can be applied to a suitable 
purification manlx. Suitable matrices mdude those useful in affinity chromatography. 
For example, a suitable affinity matrix can comprise a cognate protein to which the 
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fusion ptotdns binds, or lectin or antibody nxilecule which binds the ft 
d to a suitable sumion. 
Alteraanvely, an ion exchange lesin can 1 


pZOtBUl, 





♦1 


03EA£) groups, or other sluiable anion exchangers The matrices can be acrylamide, 
agarose, deiom. cellulose or odier types commonly en^loyed in p 


Altenuoivcly, a cadon exchange Step can be etnployed. Suitable caticm exchimgen 
inducfe vuious insduble nratrioes coiiqxrinng suifoprop^ 

One or more leversed-phase high p eg fo n nan ce liquid cfammatogfaphy (RP- 
HPLQ steps employing Itydiophobic RFIIFLC media, e.g.. silica gel having pendant 
methyl or other aliphatic groups, can be ea^)loyed to fimher purify a soluble fusion 
piotcin. Si2fi exdusiiMi ctaomatography wOl also be useful in purif^g sohible fiisiott 
proidns* AdtfidonaUy, hydrophobic supports can also be used under low pressure 
conditions; an exemplary tnecfium is phenyUsepharose. Some or ail of the foregoing 
purification steps, in various combinations* can also be employed to provide a 
homogeneous recombinant protein. 


20 
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30 


35 


Biological activity of recombinant, soluble fusion proteins is mediated by 
binding of the recombinant, soluble fusion protein to a cognate molecule. A cognate 

molecule is defined as a molecute whidi biiids die iecon:d£naiu sdiAie fudon pn^^ 
a non-covalent interaction based upon the proper conformation of the recombinant 
soluble fusion protein and the cognate molecule. For example, for a recomUnaiit 
soluble fiiaon protein comprising an extracelhdar region of a receptor, the cognate 
molecule comprises a ligand which binds die extracellular regioi of the recepuk. 
Oonveisely» for a recombinant soluble fusion protein oompriang a ligand, the cogiuue 
moleGitle oon^iriscs a receptor (or binding iax>tein} which binds the ligand. 

Binding of a recombinant fusion protein to a cognate molecule is a maiioer for 
bitdogical activity. Such binding activity may be determined, for example, by 
oompedtion for binding to the binding domain of the cognate ttiolectile (t<e. competitive 
banding assays). One configuration of a coipedtive binding assay for a recombmant 
soiuble fusion protein ccmiprising a ligand uses a radiolabeled, soluble recq)tor, and 
inoct cells expressing a native form of the. ligand. Such an assay is illustrated in 
Example 4 herein. Similarly, a competitive assay for a recombinant soluble fusion 
protein comprising a receptor uses a radiolabeled, soluble ligand. and intact cells 
expresfing a tuuive form of the receptor. Instead of intact cells expressing a native 
form of the cognate tnoleculc one could substitute purified cognate molecule bound to 
a solid phase. Competitive binding assays can be performed using standard 
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dology: Qualitative or semi-qoandiativc resnhs can be obtained by conipct i iivc 
amoradiogi^hic plate binding assays, or fliKaescenoc acdvaied cell sorting, or 
ScaidBwdplbcs may be 


d to generaic quanQcadve results. 
Biologicd activity iniqr also be ineasured using i&i^ 
aitt such as a cell p ro B fcr ario n assay. Exenq)laxybioassays are described in E»n^ 2 
herein. The type of cell prplifendon assay used win depend upon die itcombinant 
soluble fosibnprotdn. Abioass^farasccombittantsdttbteliisionpKOieiQthatinits 
nadve form acts upon T cdte wUl utilize purified T cells obtain 
known in the ait Such hloasgqra intAuAet cftfirimniflrfng flS5fly^ in whidi thf purified T. 


lani soluble fi 



i 




and a 


cells are incubated in the presence of die it 
subopdmallcvdofandtogensuchasCbnAorPHA* Shnilaily, purified B cells win 
be used for a recombinant sc^ubk fusion pxotein that in its lUOive fonn acts upon B 
ceUs. ChherorpcsofceUsm^ also be sdected based up<^ the cdl type upon which 
nadve foim of die recombinant sohible fiidon pnxdn acts. Pioliferadon is detctnuned 
by measuring die inooiponition of a ladiolabeled substance, such as % diynddine. 
accordmg lo standard methods 

Yet another type assay for determining biological acdvity is inducuon of 
secretion of secondaiy molecules. For example, ceraun protdns induce secretion trf 
cytokines by T ceUs. T cells are purified and stimulated widi a recombinant sxAuble 
fusion prdtcin under die conditions required to induce cytokine sectetion (for ^*ampU 
in die presence of a conutogeoX Indnctionof cytokine secretion is detemdned by 
bioassay, measuring die proUferation of a cyu^kine dependent ceD line. Similariy, 
induction of immunoglobulin secretion is determined by measuring the amount of 
immunoglobulin secreted by purified B ceUs stimulated widi a lecombinant soluble 
fusion protein that acts on B cells in its native forai, using a quantitative (or semi- 
quantitative) assay such as an enzyme immunoassay. Exan^le 2 presents such assays. 

The relevant disclosures of all references cited herein are specifically 
incnporated by reference. The followingexamples are offered by way of Ohististion, 
and not by way of limitation. 

EXAMPI.F I 

Ibis exan^le Inscribes construction ofaCD40-LDNAconstxua to express a 
soluble CD40-L fusio^i protein referred to as tximeric CD40-L. CD40-L is a ^pe n 
transmembrane protein rcttnd on activated T cells, duu acts as a ligand .fbr the B ceU 
antigen, CD40 (Anniiage et al.. Nature 357:80. 1992; Spriggs et aL. /. Exp. MecL 
176:1543, 1992). A gene encoding CD40-L has been cloned and sequenced as 
described in V.SJSli. 07/969.703, filed October 23, 1992. tiic disclosure of which is 
incorporated by rcfaence herein. CD40-Lisamemberof die Tumor Necrosis Factor 
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(TNF) family of proteiiis; several neodias of this family aze bdieved to exist in 
irinolcibnn. 

• 

. TriiiiericCI)40-Lcoaiuiisale8dersequca£^ 
to as a "leudne zipper (SEQ m Na^X and an dght amto 
described by Hopp cc aL (Hqpp et aL. BtofTeehnology 61204. 1988; SEQ ID N0:1: 
icfeorcd lo as Flag^ followed by die excraccUolar itgion of hmnan CD40-L (amino 


Hag® 


50loairaiio&cid261ofSEQIDNO$:38iid4). The adUty of die leader and the 


in SEQ n> NO:2 tiimerixes spouaneoitsly in solodon. Fusion proteins 

ising diis 33 anuno add seqnence are thus expected to form irinm 
spontaneously. 

The constnict Is prepared by synAeaang oligpnocloxidesiepreseming a leader 

sequence* die 33 amino acid sequence described above (SEQ ID riO:2X an^ 
sequence (SEQ ID NO:l), dien figating the final pioduct to a DNA fragment encoding 
die extracellular region of human CDWL (amino adds 50 tti 261 of SEQ II> N0s:3 
and 4). 

The resulting ligadon product in expression vector pDC406 was transfecicd into 
die monkey kidney cell line CV-l/EBNA (ATOC CRL 10478). The pDC406 plasmid 
ittdudcs regulatory sequences derived fiom SV40, human mimunodcficicocy vims 
(HIV), and Epsiein-Barr virus (EBV), The CV-l/EBNA cdl Tme was derived by 
tzansfection of the CV-l cell line widi a gene encoding J^stein-Bair vims nuclear 
andgen-1 (EBNA-1) that consdtuuvcly expresses EBNA-l driven from die human 
CMSf intcrraediaic-eariy enhancei^jpnmioter. The EBNA-l gene allows for episomal 
replicadon of expression vectors, such as pDC406, diat contain the EBV origin erf 
xt^bcadoa. 

Once cells expressing the fusion constmct are identified, large scale cultures of 
iransfected cdls are grown to accumulate supernatant from cells expressing soluble, 
oKgomcric CD40-L. The soluble. oUgomcric CD40-L fusion protein in supernatant 
fluid is purified by affinity purificadon substantially as described in U.S. Patent 
5«011«912. s(3>40-Lrnay also be purified using odicr protein purificadon methods, as 
described herein. SOver-scdndl SDS geb of die soluble, digomeric CD40-L fusion 
protein can be prepared to detenrxune purity. Sinular methods are used to prepare and 
purify a trimcr-forming construct conning die extraceUubr region of murine CD40-L 
(anuno acid SO tt> amino add 260 of SEQ ID N0s:5 and 6). Soluble CD40-L exhibits 
^nular biological activity to dial erf membrane-bound CD4(KU as shown in Example 1 
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This examide iUusaaies B cdl prolife^ 
itcmmioi^obaUa secretion mng soluble, digomeric CX>WL prepared as dfyrribfd in 
Example 1. HumanBcells were porificdsubstanddly as described in Ai^ 
(/. Immuttol. 150*3671; 1993). Briefly, tonsiUar rissoe was gendy teased and die 
xesiddiig cell sospendon oentrifugcd over Ifistopaqtie® (^^ T 
cell-depleted pre p ai aiiun s of cells (E') were obtained by removing T cells by rosetdng 
widi 2-aminoediylisoduotnonittm fammide-treated SRBC (sbeqi red i>tood cells) and 
treatment widi B cdl Lympho-kwik (One I ^mbda Inc^ Los Angdes. CA) fig 1 boor 
atSrCtolyseoontandnadttgnon-Bcdb. Fttqifaeidbloodiiionomiclear cells (^BMQ 
were isolated in die same manner* with die addirfonal step of treating die paidally 
purified cells widi 5 mM leucine toediyl ester (Leu ME; Sigma, St. Louis. MO) in 
senzm-free medium for one hour zt room cenqieramrc prior to die Lyn^)ha*lcwik step, 
to remove jdiagocydc cells. 

B cell prollferadon was measured with a 3H-thynndinc incoipondon assay, 
sobstandally as described in AimitageetaUitgy/o. Cdls were culnired for diree days 
in die presence of soluble, digomcric OtO-L. al<me or in die presence of 5 ngM IL-4 
(Immunex Corpomion. Seatde. WA), 5 figAnl and*IgM coated beads (BioRad, 
Rkhmoad.GA),QracomUnadonofI]>4asidand-IgM. The results of arepresentadve 
eiqieriment to evaluate the ability of soluble* oligomcric CD40-L to induce B cell 
proltfoadon are shown in Figures lA and IB. sCD40-L induced pnilifendon of 
tonsillar B cells in dw presence of 1L4. anti-IgM, or a comlnnadon of dicse to co- 
&ctors (Figure I A). s(3^L also induced pn^eration of per^lieral blood B cells in 
thepreseiMtt of IL4, anti-IgM, oractmdiinadon of diese to co-factors, and with B cells 
obtained fitom some donors, a moderate levd of pioliferadon in the absence of any co- 
factor (Figure IB). These results parallel die results obtained widi recombinant. 
membrane^XKind CIM04^described in Aimstage et aL 

Polyclonal immunoglobulin secretion was detcmtined by isotype-specific 
EUSA on supernatant fluid from 10 day cultures of 1 X 105 B cells per well, 
substandally as described in Amiitage et aL, supiiL Purified B cells were sdmulated 
witii a 1:20 dilution of supernatant fluid containing soluble, oligomeric CD40-L 
(sOMO-L). a 1:20 tfiludon of oomral supernatant (control S/N; conditioned medium 
from cells transfected widi vector alone), or tiansfectcd CV*1/EBNA cells expx€ssing 
menibrane*ound CD40-L (CV1/CD40L; 3 X 10^ cel^^ 

of 10 ngfttd of eidier^IL-2, IL4 (bodi from Inmumex Cinporation, Seattle, WA) <a^ IL- 
10 (Genzyme Coiporatioo. Boston. MA). The results of a rqntcsentadvc experiment 
measuring immunoglobulin secretion are presented in Table 1; values given represent 
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the qiiandiy of each isotype secreted by the ii^^ 


TaMe 1: Immunoglobulin Sccrerion Induced by CD40.Iigand 


.-•MUM 


Mt 
alone 


JLr2 


Medhnn^ 
IL-4 


IL-10 


Isotype 


CoateolS/N 


114.9 


424.5 


69.4 


132.2 


2123 


2827.5 


51^ 


17 


CVl/CD4(tt^ 


91.8 


1965.0 


97.4 


2(5u5 


IgM 


574.1 


Control S/N 


16.2 


161.0 


40.1 


22.7 


IL.3 


25.8 


933.2 


122.3 


231.9 


IgGi 


CVIA 


2.3 


428.0 


27.9 


247.0 


CamtAS/N 


45.1 


44.2 


39.6 


sCX>40L-3 


56.7 


248.0 


48.7 


CVW 


64.7 


513.8 


34.7 


50.0 
353.9 
447.2 


ConoolS/N 


<0.3 


<0.3 


<0.3 


<0,3 


SCD40L-3 


<0.3 


<:0.3 


67.0 


<0.3 


IgE 


CVlfCDAGL 


<03 


<03 


77.6 


<0.3 


10 


IS 


20 


• These results indicated that sc^uble, oligonneric C3>40-L induced polyclonal 
iinnnanoglobulinsecietten in die same maimer as inembrane-bound^^ IL-2and 
IL-10 eidianccd sccredon of IgM. IgOi and IgA; seciedon of measurable amounts of 
IgE occurred only in die presence of IL-4, just* as observed for membiane^bound 
CD40-L. The same pattern of immunoglobulin secretion was present when B . cells 
f^m several different donots were tested* aldumgh die absohiie quanddes varied from 
donor to donor. In similar experiments in a mutine system, a soluble, oligomcric 
ma of a muri ne GD40^L also gave conqTarable results to membrane^bound murine 
L. 


•in- 1 


This exanq)Ie describes coasnninion of a CD27-L DNA construct to express a 
soluble, oligomcric CD27-L fusion protein icfezied to as sCD27Lr3. CD27-L is a type 
Uizansineaibnine protein diat binds ID die lymphocyte antigett«CD27. CX)27isfound 
on tnost peripheial blood T cells (Biglcr et al., J. Imniunoi 141:21. 1988; van Lier et 
al., Eur, J. ImmwtoL 18:811, 1988). and a subpopuladon of B cells (Maurer et aL, 
Eur. J. imnumoL 20:2679. 1990). a)27-L is a member of the tumor necrosis factor 
family of cytokines. A gene encoding CD27-L has been cloned and sequenced as 
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dcsciibcd in Goodwin et aL. CeU 73:447 a993X and in U^,S Jl. . filed 

» a cominaadan-in-pan of U;S^il, 07/941 »648. filed September 8, 1992, 

tiie discl o su r es of windi axeinoazpoiatcd by iderenee iieiein. 

llie consmict oicocfog SCD27L-3 contains a leader sequent 

5 sequence comprising a leucine zipper domain, and die extracellular region of human 
CD27«L fitnii anuno acid.39 to amino add 193; die nncleodde and anuno adds ' 
seqoeQoes'aiepiesenBedlnSEQIDNOs:7and7* The consnct was piepaiedlyy using 
medsods that axe weU4aiown in the an to obtain a DKA encodii^ the excraceUular 
rq^ofCD27-L. Briefly. Oeexnittdltilar legion cifCDZ7-L was amplified fi^ 

10 fidMengdi CD27-L cDNA u^g a PQl technique. The primers used were derived 
from die extracellular region of CD27-L (SEQ ID.N0:7. nudeoddes 222-24S» for the 
S* primer « and die comiriecnent of nucleotides 66i-689 for die 3' primer) widi addition 
of sequences encoding destxed restriction enzyme sites (ACTAGT, which contains a 
Spe l sice, for the 5' primer, and GOGGOOGC. which contuns a Mbi I site, for die 3' 

15 primerX tlie amplified PGR product, lepresenting die extracdlular domain <^ CD27«U 
was cloned into an Spe Wot I-cut SMAG (pDC2d6) vector. SMAG vector is a 
derivative p[ pDC201 (Sims et aL, Science 241:585, 1988) diat conoins die murine IL- 
7 leader sequence. The vector was amplified, then cut widiSpte land treated vith calf 
intestinal alkaline phosphatase. Oligonucleotides based on the amino add sequence of a 

20 leodoe zipper (SEQ ID N0:1) were syndieriaed by standard mediodotogy, and ligated 
with die 5pel<m vector, to fomi an expreswn vector cotiq)rising a nminel^ leader 
sequence (Namen et aL, Noiwe 333:571; 1988), a leucine zi|^ domain, and the 
exnracdlular domain of CD27-L. The expression vector was referred to as 
pDC206/s(i)27L-3. 

25 pDC20ti/sCD27L-3 was co-tiansfected into the nxmkey kidney cell line 

CV-l/EBNA (AT(X CRL 10478) along with a pSV3Neo plasmid. pSV3Neo 
(Mulligan and Berg, Froc. Natl. Acad. ScL USA. 78:2072; 1981) is a plasmid which 
expitsses the S V40 T antigen, and thus allows for the episomal replication of die 
pDC206 plasmid. 

30 Once celh expressing die fusbnconstnictaie identified, large scale cuhures of 

tiansfeeted edls are giown to accumulate supernatant fitmi cells expiesring the soluble, 
oligomeric CD27-L fusion protein (refened to as sCa^27L-3). sCnD27L-3 in 
-supernatant fluki is purified by affinity purification substantially as described m U^. 
Patent 5,011,912. sCD27Lr3 may also be purified using odier protein purification 

35 toethods, as described heiein. Silver-stained SDS gels of the soluble, oligomeric 
CD27-L fusion protein can be pr^ared to determine purity. sCD27L-3 binds to 
soluble CDTI, and inhibits binding of soluble 0)27 to cells expressing CD27-L. as 
described in Exani{de 4. 
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ThUexaniplciUostrates a binding inh^ Asoliible 
fonn of the human lymphocyte surface andgm 0327 was prepared subscandally as 
S described by Fanslow et al^ 7. Immunol. 1 49:65 ( 1992)» tt> form a dinnic; Fc fusion 
construct referred to as CDZI.VC (Goodvon et aL« Cetl 73:447; 1993). CD27.R 
coaq^rises the extraoBUulariegion of CD27 and an Fc region from a human IgG|. 
$CD27I^3 inhibhs binding of CD27 JFc to MPJ ceU. a hunaan, £]^^ 
transfionned B oen line diat expresses endc^genous CDZ7^ 

10 - Gondidoned snpematam fluid from CV-l/EBNA ceils transfected with 

pDC2(K/sCD27L-3 was doated in a 96 well pUte;. A constant amount of CD27J=c(l 
lig^weil) was added to eadi well, fdlowed by 1-2 x 106 MP. 1 cells per wdl« in binding 
medium (RPMM640 containing 1 % bovine scrum albumin, 0.2 % sodium azide and 
20niMHEPES.pH7^). The plate was incubated at 37% for one hour. Oellswete 

15 washed twioe with PBS, then pelleted by centrifngadon. l25i.niousc anti-human IgG 
Fc was added to each well at a constant concentration, and the plate incubated for an 
additional hoiu- at 37^C The l25i.niouse and-human IgG Fc bound to the CP27.Fc 
that bound to the MP.l cells. After the final incubadon , cells wcic handed over 
pdudate oil-containing nibes to separate the bound and finee l2Si,fnouse and-human IgG 

20 Fc,anddieariiountoftadioacdviQrquantitatedusingagairunac6^^ 

'The results of this experiment are presented in IngureZ sCD27L-3 exhibited a 
doseniependent inhibidon of die binding of CD27PcIdMP.I cells. Byconqnringdie 
concentradon at which the inhibidcRi <tf binding of 0)27 JFc is at S0% to die dttadon of 
inhibition by sCD27L-3, it was estimaced that the concentradon of sCD27L-3 hi tfie 

25 oondidoned medium was between 18 and 40 (ig/mL In making this comparison, the 
MW of sCD27Lr3 was csdmated to be 135 Kd (estimated MW of extraccUular legion 
of CD27-L was 45 Kd, multiplied by three for formation of oimcr), and the buduig of 
SCD27L-3 to a)27A was assumed 10 occur at a molar ratio, lite Kt was estimaiedvD 
be 10 times die Ka» which was 3 x IQ-^M^^ and the initial concentration was assumed 

30 to be 1 X 10-8 M, The results demonstrated that the initial assumption of a 
concentration of 1 x 10-8 M was ^ptoxunately 10-fbld too low, and a 1:3 dilution of 
thesupematantfluidactnaUygaveanesdmatedconcemrationof 1 X lO^^M 
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(1) GENERAL XHFORHHTZGH: 

5 

(1) APPLZCAMT: Spri^a, Melanie 

• Srialvssaar Subha^hini 

Ull TZTi;£ OF XNVERTZcm: Methods of Pcoparin? Soloble, 
10 OXigonerle Psotoins 

ail) MQMBER OF SEQOEKCSSi 8 * 
liv) CORRESPOiaffillCB ADDRESS S 

IS (A) ADDRESSEE t Isaamex Cocporatioa 

<B) STREET: 51 Unlvexaity Street 

(C) CITT: Seattle 

(D) STATE: Hh 
<£) COONTRY: USA 

20 (F) ZIP: 98101. 

(V) COMPUTER REIU>ABLE FORM: 

(A) MEDIUM TYPE: Floppy diak 
(Bl C(»4PUT£R: IBM PC COtq>atible 
25 <C| OPERATING SYSTEM: PC-DOS/KS-DOS 

(Dl SOFTnARE: Patentin Release «1.0, Version #1.25 

(VX> CC7RRENT APPLICATION DATA: 
(A) APPLICATI(»I NUMBER: 
30 (B) FILING DATE: 

(CI CLASSIFICATION: 

Cviii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Perkins, Patricia A 
35 <B) REGISTRATION NUMBER: 34,693 

(C) REFERENCE/DOCKET NUMBER: 1003 

(ix> TELECOMMONZCATXON ZNFORHATION: 
<A) TELEPHONE: (206)587-0430 
40 IB) TELEFAX: (20S)233-OS44 


(2) INEX)RHATION FOR SBQ ID N0:1: 

45 (i) SEOUENCB CHARACTERISTICS: 

CA) LENGTH: 8 amino adds 

(B) TYPE: aiftlno acid 

(C) STRANDEDNESS: Single 

_ (D) TOPOLOGY: linear 

50 

(ii) ffOLECDLB TYPE: peptide 
(iii) RYPOTRETZCAL: NO 
55 (ivi ANTI-SENSE: NO 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

60 Aap Tyr Lys Asp Asp Asp Asp Lys 

1 5 
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10 


20 


25 


35 


45 


(2) XHFORmTXOir FOR SEQ ZD K0:2: 


(i) SEQUCNCG CBJUUICTERISTICS: 

(A) iEMGTB: 33 amino adda 

(B) TCBZt amino acid 
(D> tOPOLOGnr: linaar 

(ii) noLECDLfi fxeti peptide 


(jcil SBOaERCE KSCRZFTZOII: SEQ ID flOs2: 


IS Acq Itot l^rs Gin Xi« Glu Aap lya Zlo Gla Gin He Leu Ser Lya Zio 

1 5 10 X5 


lyr His lie Glu Asn Glu lie Ala Ax? tie I.y8 Lys X.eu Zlo Gly Glu 
20 25 30 


Arg 


(2) IKFORKATION FCHl SEQ ZD NO: 3 


(i) SEQOEMCE CHARACTERISTICS : 

(A) LEMGtfl: 786 base paira 
(Bi TY?E: nucleic acid 
(C) STRAKDEOHESS: Single 
30 (D) TOeox^QGY: linear 


(ii) MOLECOLE TYPE: CDNA CO BRNA 
(iii) BXPOTHEtlCAX.: NO 
(iv) ANTZ*SEHSE: NO 


(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Human 
40 (B) STRAIN: CD40-L 


(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) *LOCATX<»l: 1..783 


(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 


ATG ATC GAA ACA TAC AAC CAA ACT TCT CCC CGA TCT GOG GCC ACT GGA 48 
SO Met ZXe Glu Thr tyr Aan Gin The Ser ?so Aeg Ser Ala Ala thx Gly 

IS 10 19 > 

CTG CCC ATC AGC ATG AAA ATT TTT ATG TAT TTA CTT ACT GTT TTT CTT 96 
Leu Pro He Ser Met Lya He Phe Met Tyr Leu teii Thr Val Phe Leu 
55 20 25 30 

ATC ACC CAG ATG ATT GGG TCA GCA CTT TTT GCT GTG TAT CTT CAT AGR 144 
lie thx Gin Met He Gly Ser Aia Leu Phe Ala val Tyr Leu His Axg. 
35 40 45 

60 
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JUjG TTG GftC AAG ATA GAA GAT QhA AGG A&T CTT CAT GAA GAT TTT GXA 192 

Arg Leu Asp Lys Ila GXu Asp GIq Arg Aaa Xteu Bis GXu Asp Plie Val 
50 55 . 60 

S TTC ATG AAA A06 ATA CAG hXSK TOC AAC ACH GGA GAA AGA TCC TTA TCC 24& 
Phe Kdt Lys Tbr lie Gin Arg ^s Ami Gly Gin Arg S«r Leu Ser 
.65 70 75 80 

TTA CTG AAC TGT GAO GAG ATT AAA AGC CAG TTT GAA GGC TTT GT6 AXG 268 
10 Laa Lau Asn Cys Gin GIu Zle Lys Ser Gin Phe Glu Gly Phe Vel X^rs 

85 90 95 

GAT ATA ATG TTA AAC AAA GAG GAG ACG AAG AAA GAA AAC AGC TTT GAA 336 

Asp Zle Het Leu Asa Lya Glu Glu Itir Lys Lys Glu Asa Ser Phe Glu 
15 100 105 110 


20 


40 


ATG CAA AAA GGT GAT CAG AAT COT CAA ATT GCG GCA CAT GTC ATA AGT 384 
Met Gin Lys Gly Asp Gin Asn Pro Gin lie Ala Ale His Val Ila Sar 
lis 120 125 

GAG GCC AGC AGT AAA ACA ACA TCT GTG TTA CAG TGG GCT GAA AAA GGA 432 
Glu Ala SeE Ser Lys Thr Thr Ser Val Lau Gin Trp -Ala Glu Lys Gly 
130 135 140 


25 TAG TAC ACC ATG AGC AAC AAC TTG GTA ACC CTG GAA AAT GGG AAA CAG 480 

Tyr Tyr Thr Net Ser Asa Asn Leu Val Thr Lea Glu Asn Gly Lys Gin 
145 150 155 160 . 

CTG ACC GTT AAA AGA CAA GGA CTC TAT TAT ATC TAT GCC CAA GTC ACC 528 
30 Leu Thx Val Lys Arg Gin Gly Leu Tyr Tyr He Tyr Ala Gin Val Thr 
I ' 165 170 175 

TTC TGT TCC AAT CGG GAA GCT TOG AGT CAA GCT .CCA TTT ATA GCC AGC 576 
Phe Cys Ser Asn Arg Glu Ala Ser Ser Gin Ala Pro Phe He Ala Ser 
35 180 185 190 

CTC TGC CTA AAG TCC CCC GGT A^ TTC GAG AGA ATC TTa' CTC AGA GCT 624 
Leu Cys Leu Lys Ser Pro Gly Arg Phe Glu Arg lie Leu heu Arg Ala 
195 200 205 


GCA AAT ACC CAC AGT TCC GCC AAA CCT TGC GGG CAA CAA TCC ATT CAC 672 

Ala Asn Thr His Ser Ser Ala Lys Pro Cys Gly Gin Gin Ser Zle His 
210 215 220 


45 TTG GGA GGA GTA TTT GAA TTG CAA CCA GGT GCT TCG GTG TTT GTC AAT 720 
Leu Gly Gly Val Phe Glu Leu Gin Pro Gly Ala Ser Val Phe Val Asn 
225 230 235 240 

GTG ACT GAT CCA AGC CAA GTG AGC CAT GGC ACT GGC TTC ACG TCC TTT 768 
50 Val Thr Asp Pro Ser Gin Val Ser His Gly Thr Gly Phe Thr Ser Phe 

245 250 255 

GGC TTA CTC AAA CTC TGA 786 
Gly Leu Leu Lys Leu 
55 260 


24 

(21 ZNFOMATXOll FOR SEQ ZO IXOt^i 

U) SSCHIEliCE CBAMCTERISTICS: 

(A) LENGTH: 261 Miso acids 
5 (B) TYPE: amino acid 

(D) 7Q^QUXSiz linear 

(ii) MQXfCDLE mB: pzotein 

10 (xi)' SBQDEHCE OESOaPTZON: SEQ ZD 110:4: 

Mot Zle Glu Thr Tyr Aan Gin Thr sec Pco Arg Ser Ala Ala tht Gly 
1 5 • 10 IS 

15 Pro Zle Sec Met Xors He Phe Met Tyr I«n lieu The Val Pbe Xeu 

20 25 30 


20 


35 


50 


He thr Gin Met Zle Gly Sex Ala teu Phe Ala Val tyr Leu His Acg 
35 40 4S 

Acg lieu Asp Lys Zle Glu Asp Glu Acg Asn X«u His Glu Asp Phe Val 
50 55 60 


Phe Met . Lys Thr lie Gin Arg Cy's Asn Thr Gly Glu Arg Sec 2«eu Ser 
25 65 70 75 80 

Z«tt .Leu Asn pys Glu Glu Zle Lys Ser Gin Phe Glu Gly Phe Val Lys 

8S dO 95 

30 Asp He Met Leu Asn Lys Gin Glu Thr Lys Lys Glu Asn Ser Phe Glu 

100 105 110 


Met Gin Lys Gly Asp Gin Asn Pro Gin Zle Ala Ala His Val Zle Ser 
lis 120 125 

Glu Ala Ser Ser Lys Thr Thr Ser Val Leu Gin trp Ala Glu Lys Gly 
130 135 140 


Tyr Tyr Thr Met Ser Asn Asn Leu Val Thr Leu Glu Asn Gly Lys Gin 
40 145 150 155 160 

Leu thr Val Lys Arg Gin. Gly Leu Tyr Tyr Zle Tyr Ala Gin Val Thr 

165 170 175 

45 Phe Cys Ser Asn Arg Glu Ala Ser ser Gin Ala. Pre Phe lie Ala ser 

180 195 190 


Leu Cya Leu Lys Ser Pro Gly Arg Phe Glu Arg Zle Leu Leu Arg Ala 
195 200 205 

Ala Asn Thr His Ser Ser Ala Lys Pco Cys Gly Gin Gin Ser Zle His 
210 215 220 


Lea Gly Gly Val Phe Glu Leu Gin Pco Gly Ala Ser Val Phe Val Asn 
55 225 230 235 240 

Val Thr Asp Pro Ser Gin Val See . His Gly Thr Gly Phe Thr Ser Phe 

245 250 255 

60 Gly Leu Leu Lys Leu 

260 
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15 


30 


SO 


(2) JMEOtkHATZOn FOR SBQ ZO llO:5: 


(il SBQOEHCE aaSACTESZSTZCS: 
S (A) XBSsn: 783 baae pairs 

(B> TSPEi auelAie add 

(C) STttkHDEOHESS: alngle 

(D) TOPOIOOX: Uneac 

* 

10 (li) MOLECOZ£.TXPE: cXUA tO iaRH& 

liiii Bxporaenaa.: mo 

(Iv) AHTZ-SERSE: MO 


OiaGtMJU. 800RCE: 
(A) OMSANISM: Mouse 
CBI STSAZN: a>40-L 


20 fix) FEATORB: 

<X) KAKB/KSX: CDS 
(B> lOaCtim: 1..780 

25 (xil SBQDEIICE D&SCRXPTZOll: SEQ ID N0:5: 

ATG ATA GAA ACA TAC AGC CAA CCT TCC CGC AGA VCC GtG GCA ACT GGA 4B 
Hat lie Glu Thr Tyr Ser Gin Pro Ser Pro Arg Sex Val Ala Thr Gly' 
IS 10 15 


CTX OCA GCG AGC AT6 AAG ATT TTT AT6 TAT TTA CTT ACT GTT TTC CTT 96 
Lea Pro Ale Ser Met lys Zle Phe Met Tyr Leu Leu Thr Val Phe Leu 
. . 20 25 30 


35 AXC ACC CAA ATG ATT GGA TCT GTG CTT TTT GCT GTG TAT CTT CAT AGA 144 
Xle Thr Gin Met Zle Gly Ser Val Leu Phe Ala Val Tyr Leu Hia Arg 
35 40 45 

AGA TTG GAT AAG GTC GAA GAG GAA GTA AAC CTT CAT GAA GAT TTT GTA 192 
40 Arg Leu Aap Lye Val Glu Glu Glu Val Asn Leu His Glu Aap Phe Val 
SO 55 fiO 

TTC AXA AAA AAG CTA AAG' AGA TGC AAC AAA GGA GAA GGA TCT TTA TCC 240 
Phe lie Lye I^s Leu Lye Arg cya Asn Lys Gly Gin Gly Ser Leu Ser 
45 65 70 75 80 

TTG CTG AAC TGT GAG GAG ATG AGA AGG CAA TTT GAA GAC CTT GTC AAG 288 
Leu Leu Asn Cys Glu Glu Met Arg Arg Gin Phe Glu Asp Leu Val Lys 

85 90 95 


GAT ATA ACG TTA AAC AAA GAA GAG AAA AAA GAA AAC AGC TTT GAA ATG 336 
Asp Zle Thr Leu Asn Lys Glu Glu Lys Lys Glu Asn Ser Phe Glu Met 
100 105 110 


5S CAA AGA GGT GAT GAG GAT CCT CAA ATT GCA GCA CAC GTT GTA AGC GAA 364 
Gin Arg. Gly Asp Glu Asp Pro Gin lie Ala Ala His val Val Ser Glu 
115 120 125 

GCC AAC AGT AAT GCA GCA TCC GTT CTA CAG TGG GCC AAG AAA GGA TAT 432 
60 Ala Asn Ser Asn Ala Ala Sec Val Leu Gin Trp Ala Lys Lys Gly Tyr 
130 135 140 


IK t 
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25 


45 


26 

TAX AOC KTG AAA AGC AAC TT6 6TA ATG CTT GAA AAT GG6 AAA CAG CT6 460 
Tyr Thr Met. Lya Ser Asa X<eu Val Hat Leu Glu Asa GXy X^s Gin Leu 
145 ISO 155 160 

ACG 6TT AAA AGA GAA GGA CTC TAT TAT GTC TAC ACT CAA GTC ACC TTC 528 
Thr Val Lys Acg Glu Gly Leu Tyr Tyr VaX Tyr Thr Gin Val The Phe 

165 170 175 


10 TGC TCT AAT CGG G»G OCT TOG AGT CAA CGC CCA TTC ATC GTC GGC CTC 576 
cys Ser Aan Acg Glu Pro Ser Ser Gin Keg Pro Phe Zle Val Gly Leu 
180 185 190 

TGG CT6 AAG CCC AGC AGT GGA TCT GAG AGA ATC TTA CTC AAG GCG GCA 624 
15 Trp Xieu l»ys Pro Ser Ser Gly Ser Olu Arg lie l-ea lieu Xya Ala Ala 

195 200 205 

AAT ACC CAC AGT TOC TOC CAG CTT TGC GAG CAG CAG TCT GTT CAC TTG 672 
Aso Thr His Ser Ser Ser Gin Leu Cys Glu Gin Gin Ser Val Bia Leu 
20 210 215 220 

GGC GGA GTG TTT GAA TTA CAA GCT GGt GCT TCT GTG TTT GTC AAC GTG 720 
Gly Gly Val Phe Glu Leu Gin Ala Gly Ala Ser Val Phe Val Asn Val 
.225 230 235 240 


ACT GAA GCA AGC CAA GTG ATC CAC AGA GTT GGC TTC TCA TCT TTT GGC 768 
Thr Glu aUa Ser Gin Val lie Hia Arg Val Gly Phe Ser Ser Phe Gly . 

245 250 255 


30 TTA CTC AAA CTC TGA 783 
Leu Leu Lys Leu 
260 

35 12) ZNFORMATZON TOR SBQ ID N0:6: 

{!) SEQDENCS CHARACTERISTICS: 

(A) LCHGTH: 260 amino aclda 
iB} TTP&: amino acid 
40 (D| topologt: linear 


(iil MOLEOTLE TTPE: protein 

(3Ci) SEQDEMCE DESCRZPTZON: SEQ 10 HO: 6: 

Het lie Glu Thr Tyr Ser Gin Pro Ser Pro Arg Ser Val Ala Thr Gly 
15 10 15 


Leu Pro Ala Ser Met Lya Xle Phe Het Tyr Leu Leu Thr Val Phe Leu 
50 20 25 30 

Xle Thr Gin Met He Gly Ser Val Leu Phe Ala Val Tyr Leu His Arg 
35 40 45 

55 Arg Leu Aap I^s Val Glu Glu Gl« val Asn Leu Hia Glu Asp Phe Val 
50 55 60 


60 


Phe He Lys Lys Leu Lys Arg Cys Asn Lys Gly Glu Gly Ser Leu Ser 
65 70 75 80 
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Z«au X<eu Asa Cy9 GIu GXu Met Arg Arg Gin Pbe Glu Asp tau Val tya 

B5 90 95 

Asp lie Thr X,ea Asn Lys Glu Gla Lys Lys Glu Asa S«r Pha Glu Met 
5 100 105 110 

. Gin Arg Gly Asp Glu Asp Pjro Gin Xle Ala Ala Bis Val Val Ser Gin 
115 120 125 

10 Ala Asn Ser Asn Al« Ala Sec Val Lea Glu Txp Ala Lys J«ys Gly Tyz- 
130 135 140 


IS 


30 


Tyr Thr Met Lys Ser Asn Leu Val Met Leu Glu Asn Gly Lys Gin Leu 
145 150 155 160 

the Val Lys Arg Glu Gly Leu Tyr tyr Val tyr Thr Gin Val thr Pbe 

165 170- 175 


Qys Ser Asn Arg Glu Pro Ser Ser Gin Arg Pro Phe lie Val Gly Lea 
20 180 185 190 

Trp Leu Lys Pro Ser Ser Gly Ser Glu Arg lie Leu Leu Lys Ala Ala 
195 200 205 

25 Asn Thr His Ser Ser Ser Gin Leu Cys Glu Gin Gin Ser Val His Leu 
210 215 220 . 


Gly Gly Val Phe Glu Leu Gin Ala Gly Ala Ser Val Phe Val Asn Val- 
225 230 235 240 

Thr Glu Ala Ser Gin Val Zle His Arg Val Gly Phe Ser Ser Phe Gly 

245 250 255 


Leu Leu Lys Leu 
3S 260 


(2) IHFOmATION FOR SCQ ZD N0:7: 

40 (i> SEQUEIKX CHARACTCiaSTICS: 

(A) I£NGTfl: 689 base pairs 

(B) TYPE: nucleic acid 

(C) STRAMDEDNESS: single 
<D)- TOPOLOGY: linear 

45 

Ui) MOLECOX£ TYPE: COHA 

(iii) RYPOTHEtZCAL: HO 

50 (iv) ANTZ-SEKSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGMIISM: C027 ligand trioer (CD27L*-3) 

55 iixt FEATURE: 

(A) KAME/KEY: COS 

(B) LOCATIOH: 39.. 686 

(ix) FEATURE: 
60 (A) NAME/KEY: sigjpeptide 

(B) LOCATIOH: 39.. 110 


28 


<ix) EXATURE: 

(A) NMflS/KBX: aat^peptide 
(B| UJCkXimi 111. .686 


(xi) S£QQE1ICB DESCRZPtlON; 5EQ 10 NO:?: 

GGAAAftCTCT CGAQGTAOCT KTCCCOQGGk tCCCCAOC ATG TTC CAT GTC XCT 53 

Met Phe His Val Sec 
-24 -20 

tTT AGA TAT XTC TTT GGh ATT CCT OCA CT6 ATC CTT GTT CTO CTG CCT 101 
Phe Ax9 Tyr Xle Phe Gly Zle Pro Pro Leu iXe Leu VaX Leu Leu Pro 

-15 -10 -5 

GTC ACT ACT TCT GAG CGT ATG AAA GAG ATA GAG GAT AAG ATC GAA GAG 149 
Val Thr Ser Ser Asp Arg Met I^rs Gin Zle Glu Asp Lya Zle Glu Glu 

IS 10 

ATC CTA AGT AAG ATT TAT CAT ATA GAG AAT GAA ATC GCC CGT ATC AAA 197 
Zle Lea Ser Lys Zle Tyr His lie Glu Asn Glu Zle Ala Arg Zle Lys 
15 20 25 

AAG CTG ATT GGC GAG CGG ACT AGT CAG CGC TTC GCA CAG GCT CAG CAG 245 
Ly3 Lea Zle Gly Glu Arg Thr Ser Gin Arg Phe Ala Gin Ale Gin Gin 
30 35 40 45 

CAG CTG CCG CTC GAG TCA CTT GGG TGG <^ GTA GCT GAG CTQ CAG CTG 293 
Gin Leo Pro Leu Glu Ser Leu Gly Trp Asp Val Ala Glu Leu Gin Leu 

50 55 60 

AAT CAC ACA GGA CCT GAG CAG GAC CCC AG6 CTA TAC TGG CAG GGG GGC 341 
Asn His Thr Gly Pro Gin Gin Asp Pro Arg Leu Tyr Trp Gin Gly Gly 

65 70 75 

CCA GCA CTG GGC CGC TCC TTC CTG CAT GGA CCA GAG CTG GAC AAG GGG 389 
Pro Ala Leu Gly Arg Ser Phe Leu His Gly Pro Glu Leu Asp Lys Gly 
80 85 90 

CAG CTA CGT ATC CAT CGT GAT GGC ATC TAC ATG GTA CAC ATC CAG GTG 437 
Gin Leu Arg Zle His Arg Kap Gly Zle Tyr Het Val Bis Zle Gin Val 
95 100 105 

ACG CTG GCC ATC TGC TCC TCC ACG ACG GCC TCC AGG CAC CAC CCC ACC 465 
Thr Leu Ala Zle Cys Ser Ser Thr Thr Ala Ser Arg His His Pro Thr 
110 115 120 125 

ACC CTG GCC GTG GGA ATC TGC TCT CCC GCC TCC CGT AGC ATC AGC CTG 533 
Thr Leu Ala Val Gly Zle Cys Ser Pro. Ala Ser Arg Ser Zle Ser Leu 

130 135 140 

CTG CGT CTC AGC TTC CAC C^ GGT TGT ACC ATT GTC TCC CAG CGC CTG 581 
Leu Arg Leu Ser Phe His Gin Gly Cys Thr Zle Val Ser Gin Arg Leu 
145 ISO 155 

ACG CCC CTG GCC CGA GGG GAC ACA CTC TGC ACC AAC CTC ACT GGG ACA 629 

Thr Pro Leu Ala Arg Gly Asp Thr Leu Cys Thr Asn Leu Thr Gly Thr 
160 165 170 
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est TTG CCT TCC CGA hhC ACT GKT GAG AOC TTC TTT GGk GTO CAG TGG 677 
Lao Leu Pro Ser Asg Aan Thr Aap GIu Thr Pba ?h« Gly Val Glo Txp 
175 xao Its 

5 GZ6 OGC CCC TGA 689, 
Val Arg Pro 
190 

« 

10 (2) ZNFOmULTZOK FOR SEQ XO VQiBi 

* * 

Ul SEQOEIiCE CHAI(ACTERZSTZCS; 

(A) LENGTH t 216 andfio aeida 
(Bl TTPB: aadoo Add 
15 (D) TOPOLOGY: linear 

(ii) HDXKOLE TTPE: protein. 

(xi) SEQOSMCB CSSCRXPTIQN: SEQ ZD HOsSs 


20 


35 


50 


Het Phe His Val Ser Phe Arg tyr lie Pba Gly Xla Pro Pro Lea lie 
-24 -20 -15 -10 


Leu Val Leu Leu Pro Val Thr Ser ser Aap hxg Met lya Gin lie Glu 
25-5 IS 

Asp Lys He Glu Glu He Leu Sec Lys Zle Tyr His He Glu Asa Glu 
10 15 20 

30 He Ala Arg Zle Lys Lys Leu Zle Gly Glu Azg Thr Ser Gin Arg Phe 
25 30 35 40 


Ala Gin Ala Gin Gin Gin Leu Pro Leu Glu Ser Leu Gly Trp Asp Val 

45 SO 55 

Ala Glu Leu Gin Leu Asn Bis Thr Gly Pro Gin Gin Asp Pro Arg Leu 

60 65 - 70 


Tyr Trp Gin Gly Gly Pro Ala Leu Gly Axg Ser Phe Leu His Gly Pro 
40 75 80 85 


« 


Glu Leu Asp Lys Gly Gin Leu Azg Zle His Azg Asp Gly Zle Tyr Met 
90 95 100 

45 Val Bis Zle Gin val Thr Leu Ala Zle pya Ser Ser Thr mr Ala Ser 
105 110 lis 120 


Arg His Bis Pro Thr Thr Leu Ala Val Gly He Cys Ser Pro Ala Ser 

125 130 135 

Arg Ser Zle Ser Leu Leu Arg Leu Ser Phe His Gin Gly Cys Thr Zle 
140 145 ISO 


Vai Ser Gin Arg Leu Thr Pro Leu Ala Arg Gly Asp Thr Leu Cys Thr 
55 155 ISO 165 

Asn Leu Thr Gly Thr Leu Leu Pro Ser Arg Asn Thr Asp Glu Thr Phe 
170 175 180 

60 Phe Gly Val Gin Trp Val Arg Pro 
185 190 
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Wbatisdaimedis: 

r 

1- A method of prepdimg a soluble. oHgomeric manttnalian protein by 
5 cultoringahosioeUtiaiisfannedort^^ 

Alston proteia couipxmng a leucine npper domain and a hetciologoas mammalian 
pxQtein. 

2. Ilie method aceocding ID claim 1, whcidn the heterol^^ 
pfotdn oonigiriscs a transtnendnane legion of a tnendnane bow 

10 3. The method accoiding to claim 2, wherein die leucine zipper donmn , 

comprises a pepdde that trimetizes in sohidon. 

4. The method accoiding to claim 3, wherein the leucine zipper domain 
comprises amino adds 1 through 33 of SEQ ID NO-.2. 

5- The method acconling to claim I. furdierconq)rinng the steps of 
15 die leucine zipper domain fiom the soluble, oligomeric mammalian protein. 

6. The nnethod according to claim 2. ftinhercon^sing the steps of removing 
die leucine apper domain ftom the soluble, oligometic mammalian protein. 

7. The method according to claim 3, funher comprising die steps of removing 

die leucine zipper domain from die soluble, oligomeiic mammalian protein. 

• « 

20 8. The tnethodaca>]ding to claim 4, furdier comprising the steps of rtmovhig 

d»leudne zipper donudn ficom die sohiUe, oligomeric mammalian protdn. 

9. The mediod according to daim.l, wherein the heteroIo|^us mammalian 
protein cotnprises a globular mamnuUan protdn. 

10« The inediod according to daim 9, wherein the lobular mammalian piotein 
25 isa^toktne. 

1 1 . A metiuxi of pieparing a soluble, hetero-oligomeric mammalian protein by 
cultunng a first host cdl transformed or transfected widi a first expression vector 
encoding a first fusion protein comprising a fust leudoe zipper domain and a first 
heterologous mammalian protein, culturing a second host cell transformed or 
30 transfected with a. second expression vector encoding a second fusion protdn 
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comprising a seoond Iciidne zipper domain and a second hemologous mammalian 
protun, wherein the first and seocmd leucine zipper domains prcferentiaUy form a 
hetenHdigomeri and oranbiniiig the fim and second fusion pioteins tmderoonditicKis 
pmmodng heicRHiBgDmerfonnaiion. 

5 12, The method accmling to claim 11, wherein the fine and second 

hetendogoiis noammalian pioceins oooqxise gUAutar inamm 

13« The method aoooiding to claim 12, wfaetda the globular mammalian 
potdns are cytokines. 

14. The method according to dalm 11, wherdn the first heteiologous 
10 mamnudian protein comprises GM-CSF and die second heterologous mammalian 

pxotcin comprises lL-3. 

15. The method according to ddm 11, wherdn the first and second 
heterologous mammalian proteins comprise extracellular regions of tna sm eiu b ianc 
proteins. 

15 16. The mediod according to daim' IS, wherdn the extracellular regions are 

firom diCEiBrent traasmembraoe pxotdns. 

17. The method accoxding to daim 16, wherein the exaaceUular regions are 
fiom die same transmembrane protein. 

18. The mediod accmding to claim 1, wherein the fusion protein further 
20 comprises a linker sequence. 

19. The method according to claim 11, wherdn the fusion protein further 
comprises a linker sequence. 
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